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ABSTRACT 

In a recent letter, Carlip proposed a generalization of the Brown-Henneaux-Strominger con- 
struction to any dimension. We present two criticisms about his formulation. 
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Recently Carlip |T[ proposed a generalization of the Brown- Henneaux-Strominger construc- 
tion to any dimension based on the algebra of deformations at a black hole horizon. By restrict- 
ing to the horizon of a black hole, he has shown that the algebra contains a Virasoro subalgebra 
independent of the spatial dimensions with the appropriate boundary conditions. With the aid 
of Cardy formula he derived the Bekenstein-Hawking entropy within the conformal field theory. 
In this Comment, we point out that (a) his analysis has a serious error which invalidates one 
of its principal claims and (b) independent of that error there is one more serious defect. 

The error (a) occurs in % J[^i] (10) of Ref. [1] which essentially claims that it should be anti- 
symmetric under 1 <-> 2 interchange according to his identification oi S^^'Jl^i] = {^fe], <^[Ci]}* ( 
{, }* denotes the Dirac bracket). But this is not correct identification because the antisymmetry 
can not be attained with his choice of J[C,] (9) and hence the Virasoro algebra, whose existence 
is one of its principal claims, can not be obtained in his form. Let us explain our conclusion in 
detail. We first note that the last two terms of %^['Ci] have no manifest antisymmetricity for 
indices. In his paper |l[], he "assumed" %Ci = ^2^r^i to get the antisymmetricity "by hand". 
But, this assumption is not acceptable because one can show that 6^^C,i = which is essentially 
because S^^^l = (%A^)^i = 0. Hence, the %^['Ci] is not antisymmetric under 1 <-;► 2 because 
of the last two terms although it is antisymmetric for the first two terms in (13). One can not 
obtain the Virasoro algebra with this preliminary algebra. 

About the origin of this failure, we found that it is a direct consequence of the non- 
differentiability oi L = H + J contrast to his claim. 6 J does not cancel the boundary terms 
in SH exactly, rather it introduces several additional boundary terms in 6L: Most of these 
terms have no contribution on the horizon because of his boundary condition iV^I^^ = but 
two of them can not be neglected and these two contributions make L non-differentiable. Let 
us explain first why the differentiability of L is connected to the antisymmetrization of (5^2 •^[■Ci]- 
When L is the correct diffeomorphism (Dijf) generator ,i.e., {L[?7],0} = 5^0 for any dynamical 
variables 0, the Z?z/f transformation of L can be expressed as 5r,-L[^] = {L[?7], L[^]}. When the 
constraint H ^ is imposed this will reduce to : 5^t/[^] = {-^N, -^[■C]}* by picking out the 
boundary parts of 5r;-Z^[^] according to the definition of the Dirac bracket. According to this 
identification, (5^J[^] is antisymmetric under r] ^^ C, explicitly as 5,yL[^] is. Now, let us consider 
the (general) variation of L to investigate its differentiability: 
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where the contributions of '. . . ' terms to the Z^Xjff transformation 5^0 are order of 0{N^) or 
0{N) which vanish on the horizon. From these two no n- vanishing boundary contributions, we 



get the corresponding anomalous boundary contributions in the following i^Zj^ transformations: 
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whose boundary contributions behave as 5{r — r^) x 0(1) which can not be neglected. Here, 
the bulk part will represent the usual Diff transformations in the bulk. These wrong Diff 
transformations implies that Carlip's original choice of J[^] is not correct one to make L[^] be 
the Diff generator for the system with the horizon boundary and to give the claimed Virasoro 
algebra. 

Criticism (b) consists of the observation that even upon ignoring point (a), his scenario 
does not work for the non-rotating black hole even though it works well for the rotating case. 
Recently a resolution has been suggested in a different context of 2D gravity by Cadoni and 
Mignemi who have introduced the time-integrated generator instead of (usual) fixed-time 
generator. But we do not think that this can be resolved even in the way of Cadoni and Mignemi 
although the time integration of (21) for the non-rotating case gives the similar result as the 
rotating case with different central charge c = SAP/^tcGT) and different Lq = AT/{S7iGP) p. 
A strange fact is that the resulting entropy logp(Lo) = 2 x ^ has a wrong factor of 2 which 
remind us a similar wrong factor in their computation of 2D-gravity entropy 0. More serious 
problem of this method is that the time integration of the left-hand sides of (21) can not be 
written as { Jf^m], •^[■Cn]}* for time-integrated generator J = - Jq dtJ(t), which is essential for 
the interpretation of (21) as a Virasoro algebra. 
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